Purpose Sewage sludge samples from a water treatment plant in Nigeria were subjected to an in-vessel composting (using sawdust as a bulking agent) and thermal sludge processing to improve its quality for agricultural applications. Methods Treated samples were analyzed for physicochemical and microbiological properties using standard analytical and aerobic culture protocols. Results Microbiological analysis of the initial fresh mixture (sewage sludge/sawdust) showed that the total heterotrophic bacteria was 1.17 9 10 6 CFU/g of fresh compost, coliforms 4.7 9 10 4 CFU/g, Salmonella sp., and Shigella sp. 7.3 9 10 4 CFU/g, yeasts and moulds 9.0 9 10 4 CFU/g. These values were significantly (p = 0.05) reduced after 40 days of in-vessel composting to 4.3 9 10 4 CFU/g for total heterotrophic bacteria, 7.4 9 10 2 CFU/g for coliforms, while yeasts and moulds, Salmonella and Shigella sp. were not detected in the final compost. The results of the physicochemistry revealed variation in pH, temperature, and nutrients status of treated sludge. Conclusion Salmonella sp., Staphylococcus aureus, and Shigella sp. were eliminated, while a 2-log reduction in coliform counts occurred after 40 days of composting. Composting had a better processing impact by increasing the ash as well as reducing the carbon/nitrogen ratio of treated sludge, while thermal processing improved the sulfate and phosphate components of treated sludge. The treated sludge (biosolids) met the permissible limits of microbiological and nutritional standards recommended by US EPA for land application of sludge and could, therefore, be used as a biofertilizer, soil conditioner and also for land reclamation.
Introduction
The problem of waste generation, control and management has become a well-known phenomenon in a typical Nigerian city, it has been estimated that municipal solid waste generated in a typical Nigerian city was estimated to be around 4 million tonnes (Kofoworola 2007) . With the recent establishment of Bwari Lower Usuma Dam Water Treatment Plant, a major wastewater treatment plant with a capacity of 30,000 cubic meter of water per hour, this estimation is expected to triple in few years to come with addition of several tonnes of sewage sludge.
The use of waste to generate other useful by-products is recently common due to the advent of new technologies for the conversion of wastes of any form into valuable products. However, sludge waste is another kind of waste which applications are rarely exploited, especially in developing countries. It is defined as the residue generated from the treatment of wastewater (Smith et al. 2009 ). Sewage sludge is the solid, semi-solid, or liquid residue generated from the treatment of domestic sewage. It is very rich in nutrients (nitrogen and phosphorus), organic matter and some trace elements needed for plant growth. However, sewage sludge is more than often discarded in landfills, resulting in nuisance and possible environmental contamination. Because of the legislation restricting the disposal of sewage sludge by incineration, fresh water dilution, and ocean dumping, many municipalities are considering land application methods for disposing of their sludge. Recently, attention of researchers had shifted to composting of nutrient-rich sewage sludge for agricultural and horticultural purposes. Sewage sludge contains nitrogen and phosphorous, present as a result of nitrification and denitrification phases during wastewater treatment process. Since these elements are essential for plant growth, their presence in sludge gives it unique fertilizing benefits (Fytili and Zabaniotou 2008) . Composting sludge and sawdust together results in stabilized product as a consequence of the actions of aerobic thermophilic microorganisms, which utilize a part of the organic rich compost for their metabolism. During this decomposition, temperature as high as 55-70°C, are generated which leads to the destruction of microbial pathogens, especially the Enterobacteriaceae. The end result is a humus-like material which can now be served as a source of nutrients to plant. It is essentially free of human enteric pathogens and offensive odors (Hornick et al. 1984; Nilsson and Dahlström 2005; Andreoli et al. 2007) .
It has been reported that stabilized sewage sludge utilized properly on land can make a positive impact in agriculture, forestry, horticulture and city development as well as land reclamation (Wang 1997; Forste 1997) . The main obstacles of sewage sludge application on land are pollutants such as heavy metals, organic pollutants, and pathogens concentrated in sewage sludge during wastewater treatment (Wang 1997) . This later components of sewage sludge (such as heavy metals) may be harmful to humans should they find their way into the food chain (Fytili and Zabaniotou 2008) . The major pathogens of concern in sewage sludge include bacteria such as Salmonella sp. responsible for typhoid fever and food poisoning, Shigella sp. (bacillary dysentery), Yersinia sp. (acute gastroenteritis), Vibrio cholera (cholera), Campylobacter jejuni (gastroenteritis) and the pathogenic strains of Escherichia coli (gastroenteritis). Enteric and Enteroviruses (hepatitis a virus, norwalk and norwalk-like viruses), Rotaviruses, Poliovirus, Coxsackieviruses (meningitis, pneumonia, cold-like symptoms). Protozoans such as Cryptosporidium (gastroenteritis), Entamoeba histolytica (acute enteritis), Giardia lamblia (giardiasis), Balantidium coli (diarrhea and dysentry), Toxoplasma gondii (toxoplasmosis) and Helminth worms such as Ascaris lumbricoides (digestive and nutritional disturbances), Trichuris trichuria (abdominal pain), Taenia saginata (nervousness, insomnia and anorexia), Taenia solium (abdominal pain). The route of exposure to these pathogens may be during direct contact with sewage sludge or indirectly by consuming drinking water or food contaminated by these pathogens. Transport of sewage sludge pathogens from site of application to humans are mostly through insects, birds, rodents and farm workers (Kowal 1985; US EPA 2017) .
Composting technologies have been developed to convert wastes into compost and organo-mineral fertilizers (Egbewumi et al. 1997; Sridhar and Adeoye 2003) . The organo-mineral fertilizers produced from composting is a good soil conditioner and is ideal for Nigerian soil for good crop yields. Nigeria like other countries of the world faces challenges with respect to food security. It is documented that governments in sub-Saharan Africa spend as much as 1 billion US dollars each year in fertilizer subsidy (Jayne et al. 2013) . Therefore, locally made alternatives and/or supplement to inorganic fertilizers would prove efficient in a bid to secure Nigeria's food insecurity and agricultural sustainability (Ogunwole and Ogunleye 2005) . It is, therefore, necessary to investigate the processing of waste streams particularly sludge from water treatment facilities across the country which can then be used as amendment to soils. The amended product will offer a safe and sustainable source of nutrients for agricultural practice, thereby reducing pressure on natural resources and to address some of the challenges of waste management in Nigeria.
In this study, we evaluate the influence of composting and thermal sludge processing treatments on the survival of pathogens and the nutritional status of sludge meant for agricultural applications. 
Materials and methods

Study site
Experimental setup/procedure Sludge composting
The sludge sample was subjected to composting using the method described by Andreoli et al. (2007) and Ahmed et al. (2007) . In this method, 35 kg of sludge was mixed with 47 kg of sawdust in a 0.8-m-high and 0.5-m-wide vessel on a composting in-vessel type (Andreoli et al. 2007 ). The mixture was prepared such that composting parameters, i.e., 57% humidity and a C/N ratio of about 30 were optimized. To maintain aerobic condition during composting, the mixture was turned manually every 3 days. The composting process lasted for 40 days and substrate temperature was taken daily at different points inside the vessel. The compost was air-dried andbagged.
Thermal sludge treatment
The sludge sample was heat treated by keeping the samples in the oven at 180°C for 30 min. Treated samples were allowed to cool and thereafter taken for physicochemical and microbiological analyses.
Physicochemical and nutrient content analysis of treated sludge
Biosolid (treated sludge samples) were taken systematically before composting (t 0 ), and after composting (t 40 ) for physicochemical and nutrient content analysis using standard analytical protocols (APHA 2005) . The parameters analyzed were temperature, pH, dry mass, organic carbon, total nitrogen, carbon-nitrogen ratio, sulfate, phosphate, nitrate and ammonium content.
Microbiological analysis of treated sludge
Samples were taken in triplicates before composting (t 0 ), at day 5 of composting (t 5 ), and at t 10 , t 15 , t 20 , t 25, t 30, t 35 and t 40 , respectively, for microbiological analysis. A sub-sample of 10 g of biosolid was added to 90 ml of sterile phosphate-buffered saline (PBS) solution aseptically. As described by Cappucino and Sherman (2002) 10 -1 -10
dilutions were made using sterile PBS solutions. Total heterotrophic bacteria, fecal coliform, Salmonella and Shigella spp as well as the yeast and mold counts of the samples were determined. The number of heterotrophic bacteria was determined on Nutrient Agar (Oxoid, UK) by incubating plates at 37°C for 48 h. Yeast and mold fungi were determined on Sabouraud dextrose agar at 25°C for 5 days. Salmonella sp. was determined on Selenite F medium and Salmonella Shigella agar after 18-24 h at 36°C. Total coliform and fecal coliform were determined with MacConkey agar and Eosin-Methylene Blue agar, respectively, after incubation at 37°C for 24 h. Viable cells were enumerated using stuart colony scientific counter (UK).
Statistical analysis
The data were subjected to descriptive statistics and analysis of variance (ANOVA). The LSD and Levene's homogeneity of variance were also investigated using IBM SPSS windows version 20 package (IBM Corp, USA), and the significance of the treatment means were tested at p B 0.05.
Results and discussion
Basic physical and chemical parameters of the composted mixtures
Comparison of the initial parameters of all studied mixtures is presented in Table 1 . C:N ratio of compost was 30.1, which was dependent on the ratio of sewage sludge (rich in nitrogen) with sawdust (rich in carbon) (Fig. 1) .
Effects of composting on sludge physicochemistry and microbiological properties
The physicochemical properties of the mixed raw materials obtained at different times of composting are presented in Figs. 2 and 3. The pH values were within the optimal range (pH 7.2-8.11) for the proliferation of bacteria, in the first 5 days of composting and reached a plateau over the next 10 days. There was a slight acidification of the compost (a decrease from 9.1 to 7.34) between day 20 and 40. Two phases of the composting process were recorded: stabilization phase (about 15 days), where temperature increased to 65°C and pH increased to 8.35; and maturation phase (about 25 days) characterized by a sharp decrease in temperature from 65 to 35°C and finally to 30°C on the 40th day. These findings are in accordance with those of Czekala et al. (2016) and Egbuna et al. (2016) . However, the physicochemistry and nutrient profile of compost on the 40th day revealed a decrease in the organic matter content from 38.65 to 22.16%, while the C/N ratio reduced from 30.1 to 20.12 in treated compost (Figs. 4 and 5) . The results also showed a reduction in Changes in the physicochemical parameters and nutrient content of composted sludge could be attributed to ongoing microbial activities during the process. The change in the C/N ratio from 30.1 to 20.12 and the amount of ash present in the final compost is indicative of microbial degradation of organic matter and stabilization processes occurring during composting. Decomposition of organic matter led to the production of stable humic compounds which can interact with metal ions, buffer pH, and serve as source of nutrients that are utilizable for plants. Soumare et al. (2002) have reported that reduction in substrate carbon occurring as a result of CO 2 loss led to the increase in total nitrogen during composting since decomposition of the organic matter which is chemically bound with nitrogen occurred. The decrease in the amount of inorganic nitrogen, N-NH 4 and N-NO 3 was as a result of the action of bacteria that can degrade proteins and their conversion to stable organic forms such as amide and heterocyclic nitrogen. These findings were corroborated by Egbuna et al. (2016) . Electrical conductivity of the final compost was below the salinity limit value of 3 ms/cm for compost to be used as organic fertilizer (Soumare et al. 2003) . Available and total phosphorous, nitrogen, sulfur, as well as carbon make the compost good for use as a mineral fertilizer (Soumare et al. 2003) . Compost application will, therefore, lead to an increase in the levels of stable organic nitrogen and humic carbon and this will invariably improve mineral elements necessary for plant growth. The microbiological analysis of the raw sewage sludge and sawdust used for the composting is shown in Fig. 1 . The initial mixture (sewage sludge/sawdust) harbored 1.17 9 10 6 CFU/g of heterotrophic bacteria, 4.7 9 10 4 of coliform bacteria, 7.3 9 10 4 CFU/g of Salmonella and Shigella sp., 9.0 9 10 4 CFU/g of yeasts and moulds in fresh compost (Table 1) . Reduction in microbial density was significant (p = 0.05) after 40 days of composting. 4.3 9 10 4 CFU/g and 7.4 9 10 2 CFU/g for heterotrophic bacteria and coliforms, respectively, while viable cells of Salmonella and Shigella sp., yeasts and moulds, were not detected in the final compost after 40 days (Fig. 6) . The comparative status of microbial contaminants in the fresh and treated (biosolid) sludge samples is presented in Fig. 7 . The above results have shown that composting had a positive influence on the microbial quality of sludge. However, its effect varied with the diverse microbial groups, their activities which are often affected by exhaustion of nutrients, pH and temperature changes. In this study, temperature was at its peak (65°C, thermogenic phase) at day 10 of composting. Czekala et al. (2017) recorded similar findings. Maintaining the temperature at 60°C from the beginning of composting to day 15 resulted in a significant elimination of total aerobic heterotrophs, yeasts and moulds as well as the pathogenic group of Salmonella and Shigella. At this temperature, elimination of pathogens only requires few days to achieve (Dumontet et al. 1999) . Although aerobic bacteria, mostly Bacillus species, are often active between 60 and 65°C, composting temperatures should not exceed 75°C, as this will lead to irreversible denaturation of (Tuomela et al. 2000) . This intense microbial activity resulted in a significant transformation of the composting mixture. The changes in the number of heterotrophic bacteria (Fig. 6 ) during composting is an indication of the variation that exists between temperature and cell proliferation i.e., as temperature increases the number of cells decreases and vice versa, a reflection of the effectiveness of the process. Miyatake and Iwabuchi (2006) suggested that changes in temperature during composting have an effect on changes in microbial activities, diversity and distribution, and thereby on the effectiveness of composting. Similarly as in this study, an increase in the number of heterotrophic bacteria was followed by a decrease in the rate at which cells are proliferated which in turn led to an increase in temperature as previously reported by Hassen et al. (2014) . Further analysis, however, revealed a decrease in the number of heterotrophs in spite of a further decrease in temperature. This is probably due to the depletion of organic matters that can decompose easily, or proliferation of the antibiotic producing Actinomycetes from which the compost got its earthy odor. Similar result was recorded for fungi and increase in temperature of compost was mostly the main factor that led to a decrease in fungal density. Previous study by Hassen et al. (2014) has shown that decrease in fungal density is not necessarily caused by temperature increase alone during composting as other factors such as antagonism, the presence of antibiotics and pH increase were also listed as important factors. Similar findings are reported in this study. Salmonella and Shigella genera were not detected in the final compost (Fig. 7) . The absence of these pathogens in the final compost was mostly as a result of temperature rise above 60°C between the 5th and 10th day of composting and it is usually an indication of the efficacy of the process. Composting of sewage caused a significant (p = 0.05) reduction in the number of enteric bacteria in the biosolid. Although coliforms were not completely eliminated, their levels fell within acceptable limits of \100 CFU/25 g of coliforms in the final compost meant for land application (US EPA 2017).
Effects of thermal processing on sludge physicochemistry and microbiological properties
The physicochemical properties and level of nutrients in thermally processed sludge are presented in Figs. 8 and 9 , respectively. The results revealed increase in the organic matter content from 91.7% in raw sludge to 94.5% in heat-treated sludge, and also a significant increase in the C/N ratio from 18.56 to 36.65. The density of heterotrophic bacteria was significantly (2 log unit at p = 0.05) reduced after 30 min of oven drying at 180°C, while no viable cells of coliforms, yeasts and moulds, Salmonella and Shigella sp. were detected in the thermally processed sludge (Fig. 10) . The changes in the physicochemical parameters and nutrient content (Figs. 8 and 9 ) of the thermally processed sludge could be attributed to the effect of heat. There was a noticeable reduction in the amount of chloride, nitrate, and ammonium, while a slight increase was recorded for phosphate and sulfate. Volatilization of elements when exposed to heat is not a new phenomenon (Nilsson and Dahlström 2005) . Some elements especially nitrogen are given off as gas when their inorganic form is exposed to high temperature. Although the level of these nutrients in the thermally processed sludge was lower than that of the composted sludge, they were still within limit and could be applied on land especially those deficient in phosphorus and sulfur. The effect of high temperature on microorganism is severe (Andreoli et al. 2007 ). The microbial group analyzed in this study were completely eliminated when exposed to the treatment temperature of 180°C for 30 min, except the total heterotrophs, whose density was reduced only by a log unit (Fig. 10) . The findings in this study have revealed that Bacillus represents the bulk of heterotrophs in sludge. Bacillus species are spore formers and can, therefore, survive harsh environmental conditions especially heat, as was the case in this study. Bacillus species amongst other heterotrophs are not of public health concern in treated sludge (US EPA 2017; Nilsson and Dahlström 2005; Andreoli et al. 2007) . Their presence could help in mineralization of elements (especially phosphate solubilization) essential for plant growth and development.
Efficacy of the treatment methods
Analysis of the efficacy of the sludge treatment methods showed that composting had a better processing impact on the nutrient attributes of the sludge by increasing the ash and moisture content of sludge, sustaining the nitrogen content and reducing the carbon/nitrogen ratio (Fig. 11) . It also had a better influence on the nitrate and chloride contents of the sludge, while thermal processing improves the sulfate and phosphate components of treated sludge (Fig. 12) . The results also showed that both treatments were positive against potential microbial pathogen and in addition, processing by composting had a more acceptable effect on the heterotrophic properties of the derived biosolid (Fig. 13) . The results have also shown that although thermal processing increases the concentrations of plants, essential element such as phosphate in biosolid, treatment by composting did not only improve the microbiological quality of treated sludge but also increased the ash and moisture content of sludge, sustained the nitrogen content and reduced the carbon/nitrogen ratio of the biosolid. These findings are in consonance with studies by Ahmed et al. (2007) . Treatment by composting also had a better influence on the nitrate and chloride contents of the treated sludge. The findings suggest that formulations of biosolids derived from both treatment processes can be harnessed for production of nutrient-rich soil amendment or biofertilizer.
Conclusion
The research findings have shown that although Nigeria sewage sludge is rich in plant nutrients, it habours plethora of microorganisms including pathogens and microbes with beneficial attributes. Its use as soil conditioner can only be promoted if treated. In this study, composting and thermal processing were successfully used to eliminate pathogenic Fig. 13 Effect of compost and thermal treatment on the microbial load in sewage sludge. Key: THBC total heterotrophic bacterial count, TYMC total yeast and mould count, TCC total coliform count, FCC fecal coliform count, TSC total Staphylococcal count, TPC total pseudomonad count, TSSC total Salmonella shigella count microorganisms especially Salmonella, Shigella and Staphylococcus species, whose presence in treated sludge represents a public health concern and may render it nonapplicable on agricultural land. Composting of Nigeria sludge destroys the microbial pathogens and improves its plant nutrient status to levels that may be used in agriculture as a soil conditioner to restore or maintain the humus layer or as a bio-fertilizer.
